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TIME-TEMPERATURE RELATIONSHIPS IN THERMAL
BLISTER FORMATION*
CRAIG WILLIAMSON, M.D. ANT) JUD R. SCHOLTZ, M.D.
This study was stimulated by the suggestion of one of us (J. R. S.) that the
lesions in epidermolysis bullosa are produced because of an abnormally low
tolerance to heat in this condition. This possibility is supported by the clinical
observations that symptoms of epidermolysis bullosa are worse in warm weather
and that the lesions occur at points of friction.
In the two most widely used classifications of burns, those of Boyer and of
Dupuytren, blister formation is the absolute criterion of a second degree burn.
Harkins (1) states that in mild second degree burns the fluid collections are con-
fined to the epidermis, but in more severe burns the fluid may form bullae be-
tween the epidermis and dermis. Kyrle (2) says that burn blisters are subepi-
dermal, that they are caused by a combination of edema and epidermal cell
damage, and that anatomically these blisters are identical to those caused by
freezing. The temperatures given by different authorities as usually causing
second degree burns vary from the 122° F. to 144° F. range by Becker and Ober-
mayer (3) to the 160° F. to 210° F. range by Peck and Davis (4). Second degree
burns may be produced by flash explosions in which the heat is intense but the
duration is momentary. Recently human beings were exposed to air heated
to a temperature of 240° F. foi a period of 20 minutes without blister formation
(5).
There are several variable factors which influence the depth of a burn and the
tissue reaction to a given burning thermal application. Peck and Davis list (4)
1) the degree of temperature, 2) the nature of the exciting agent, 3) the duration
of the contact, 4) the susceptibility of the part acted upon.
In order to test the existence of lowered tolerance to heat, as evidenced by
ease of blister formation, it is first necessary to know the normal threshold in
living skin, and to locate or construct a heating instrument with which all
factors, except time, can be maintained at a constant. This paper is a pre-
liminary report concerned only with the data collected by burning clinically
normal individuals and the standard which we have set up using these data.
TECHNIC
Subjects for the study were 29 adult men in apparent good health, graduate
students in dermatology and the members of the Department of I)ermatology,
School of Graduate Medicine, University of Southern California. The 'Ther-
emaphore", an instrument used in ophthalmology fulfilled the necessary condi-
tions. This instrument consists of a heating unit which can be set to main-
* From the Department of Dermatology, School of Medicine, University of Southern
California.
We are very much indebted to Dr. J. Walter Wilson for calling our attention to the
possible use of this instrument in this work.
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PLAn I. Showing the instrument and the method of applieation
Pram II. Showing blister at 12 minute and flat papule at 10 minute exposure to 122°F.
Read at 48 lire, after exposure.
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tam constant temperature of the applicator, and a thermometer that indicates
the temperature of the applicator within the tube. The instrument weighs 285
grams and the applicator 42 grams.
The diameter of the circular area applied to the skin was of one inch.
This is an important point, since it was found that when smaller areas were
burned it was difficult to produce a blister.
All tests were done on the volar aspect of the forearm by resting the ap-
plicator perpendicularly on the skin, thereby maintaining constant pressure
(Plate I).
Blisters were produced by temperatures from 122°F. to 150°F., and at times
of exposure from 10 seconds to 12 minutes. Time of appearance of blisters
varied from less than 3 hours to more than 24 hours. Application of the instru-
ment for 20 minutes at 120°F. did not cause gross vesiculation whereas 122°F.
applied for 12 minutes produced a definite classical thermal blister (Plate II).
RESULTS
That individual variation in apparently normal adult men exists may be
demonstrated by a chart on which the results of all tests are plotted (Table 1).
136°F. applied for 15 seconds produced a blister in one individual, but did not
do so in another. Similar results were obtained at 134°F. applied for 30 seconds.
A blister was produced on the forearm of one person by 124°F. applied for 4
minutes, whereas 125°F. for the same time period did not do so in a different
individual. This chart not only shows individual variation, but gives an indi-
cation of a norm with which the blistering thresholds of individuals suspected
of having lowered tolerance to heat may be compared. Graph I illustrates the
relatively narrow zone of blistering threshold in normal individuals.
Another index of skin tolerance to heat is the character of the lesion present
24 hours after exposure. At this time only three types of reactions were ob-
served; specifically, the erythematous macule, the edematous fiat papule and
the dome shaped blister. These results can be seen in Table 2. Time-tempera-
ture relationships are best demonstrated when temperature is plotted on a
linear scale against time on a logarithmic scale and the lesions present at all
time-temperatures tested are indicated on a graph2 (Graph II). The types of
reaction are here seen to fall into distinct zones showing remarkable consistency
in spite of individual variations noted above. The data indicates that within
the limits of time and temperature included in this study the type of skin re-
action elicited by thermal injury is predictable.
It is hoped that this preliminary report and subsequent work will help in
answering some of the controversial questions in regard to vesicle and bulla
formation.
At the present time the following questions cannot be satisfactorily answered.
1. What part does extravasation play in the production of bullae? Blisters
from burns and vesicant gases do not occur in the usual experimental
2 We are indebted to Dr. Fred Moore of the Department of Experimental Medicine, Uni-
versity of Southern Cahfornia School of Medicine for his help in the analysis of our data.
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GRAPH I
The solid ]ine connects points which indicate the maximum time at each temperature
tested which did not produce a blister; the broken line connects points which indicate the
minimum time at each temperature tested which did produce a blister.
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TABLE 1
Tabnlation of all tests (lone
+ = blister reaction; 0 = all reactions not producing blister.
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Results at 24 hours
0 = no bisible reaction; 1 = erythematous macule; 2 = edematous flat papule; and 3 =
blister.
The diagonal parallel lines separate reaction zones.
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TABLE 2
Results read at 24 hours after test done
0 = no visible reaction; 1 = erythematous macule; 2 = edematous flat papule; and 3 =
blister.
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animals. Less extravasation after burns, observed by Underhill et a] (6)
has been suggested as a possible reason.
2. What part does change in dermal collagen play in the production of bullac?
Recent studies by Baumbauger (7) and Fclshcr (8) indicate that bullac of the
subepidcrmal type arc the result of physical alterations in the dcrmal
collagen causing swelling and changing it from the gel to sol state. This
has been brought about on excised skin by (1) treatment with acids and
bases, (2) heating to 50°C., (3) immersion in 2N solutions or sodium thio-
cyanate, sodium iodide and sodium chloride.
PLATE III. Photomicrograph of periphery of excised early blister showing separation
at dermal-epidermal junction and "apparent" point of maximal injury to be the basal cell
layer.
3. Is variability in threshold to cpidcrmal cell damage the cause for the varia-
bility in blister thresholds?
Changes in the cells of the basal layer of the epidermis, as seen in our sec-
tions, may play a major role in the production of sub-epidermal bullae
(Plate III). Alterations varying from slight intracellular edema at the
periphery of the blister to complete destruction of the basal cell apparently
causing a separation from the dermis can be seen in our sections.
SUMMARY AND CONCLUSIONS
1. The results of exposure of "normal" human living skin to controlled ther-
mal injury are reported.
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2. In spite of demonstrated individual variation, a consistency in reaction
and the time-temperatures in a limited quantitative range required to produce
blistering was demonstrated.
3. Histologic sections of excised blister demonstrates separation at the dermal-
epidermal junction and intense injury at the basal cell layer.
We are indebted to Miss Avis Gregersen for all photographs in this study.
After preparation of this paper, the comprehensive articles of Moritz and
Henriques, Studies of Thermal Injury, American Journal of Pathology, Volume
XXIII, 1947, pages 531—549, 695—720, 915—941, have come to our attention.
It is of interest that our findings agree \vith theirs, especially with reference to
the changes occurring in the basal cell layer and the close agreement in the time-
temperature relationships required to produce epidermal injury.
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